We report the case of a 3-year-old girl whose internal carotid artery was pierced during a myringotomy. Postoperative computed tomography demonstrated that the complication was caused by a dehiscent carotid canal wall; contralateral dehiscence was also present. The patient had previously received two sets of middle ear ventilation tubes with no complications. This article addresses the epidemiology and anatomy of carotid dehiscence, and discusses methods to potentially prevent this complication, including screening and imaging modalities.
Introduction
Intraoperative vascular complications during myringotomy or paracentesis of the middle ear occur only rarely. Patients with normal anatomy have vascular structures that are protected from injury by the bony walls. When vascular complications do occur during procedures that enter the mesotympanum, they are even more rarely the result of dehiscent internal carotid arteries. Currently, very few cases of pierced dehiscent internal carotid arteries have been reported.
Failure to recognize this anomaly can have disastrous consequences because of the loss of a large volume of blood in a relatively short period of time after the internal carotid artery wall is pierced. Unfortunately, it is difficult to recognize the potential for this complication preoperatively.
Case report
A 3-year-old girl was brought to our facility because she was having recurring bouts of otitis media, of which she had a long-standing history. She had previously undergone adenoidectomy and had had middle ear ventilating tubes placed on two previous occasions. All previous surgeries occurred without complication. At the time of presentation, no tubes remained in place. The decision was made to proceed surgically with bilateral myringotomy and tube placement.
Of note, the patient had Dandy-Walker syndrome, a congenital malformation which radiographically presents as a large median posterior fossa cyst widely communicating with the fourth ventricle, an enlarged posterior fossa, and a normal brain stem. 1 This malformation can lead to decreased intellectual capacity, seizures, hearing loss, and visual abnormalities. 1 Dandy-Walker malformation has also been linked to PHACES syndrome, which is a spectrum of abnormalities consisting of posterior fossa malformations, hemangiomas, arterial anomalies, aortic coarctation or cardiac anomalies, and eye anomalies. This is particularly pertinent because of the independent increased risk for an anomalous internal carotid artery present in the syndrome. 2 Our patient's symptoms only included decreased intellectual capacity. She was otherwise within normal limits.
The procedure was performed under general anesthesia. The right ear was examined, and the tympanic membrane on that side was found to be retracted. No evidence of a mass behind the tympanic membrane was seen. A myringotomy incision was made in the anteriorinferior quadrant. Immediately upon penetration of the tympanic membrane, profuse amounts of bright red blood were seen emerging from the incision and filling the entire middle ear space. The right external auditory canal was packed with Gelfoam saturated with oxymetazoline drops, and the bleeding was controlled.
When the patient's oral cavity was suctioned, small amounts of blood could be seen, which were hypothesized to have come from the eustachian tube. This blood flow was only transiently present and ceased rapidly after the external ear was packed. Total blood loss was estimated at 30 ml. On examination of the contralateral left ear, mild pulsations in the inferior portion of the tympanic membrane were noted. However, no blue or red hue or obvious mass was seen. The procedure was aborted and the patient was admitted for observation and computed tomography (CT) of the middle ears. CT of the skull showed bilateral dehiscence of the lateral carotid canal walls. The dehiscence resulted in the vertical petrous internal carotid arteries being in juxtaposition with the hypotympanum (figure). Angiography was obtained, showing no blush, or pseudoaneurysm, formation. The patient was treated conservatively, with packing removed on postoperative day 7. No sequelae were seen on follow-up visits.
Discussion
The differential diagnosis for excess aural bleeding during myringotomy includes damage to an aberrant jugular bulb, glomus jugular tumor, aberrant internal carotid artery and, most rarely, a dehiscent internal carotid artery. [3] [4] [5] Aberrant internal carotid artery derangements differ from dehiscent carotid arteries in that a dehiscent carotid is found in the normal anatomic position but is simply missing its bony covering. Aberrant internal carotids take a variety of routes through the temporal bone and are often exposed along their course. Rates of macroscopic bony dehiscence of the internal carotid artery have traditionally been reported from 1 to 2%, although microscopic dehiscence can be seen more commonly in up to 7.7% of the population. [6] [7] [8] In normal anatomy, the carotid artery is protected by the carotid canal. The lateral wall of the canal, which is absent in dehiscence, is formed by the medial wall of the protympanum. This is the bony portion of the eustachian tube. Embryologically, it is formed by the petrous portion of the temporal bone. Dehiscence in young patients is thought to occur congenitally as the result of incomplete closure of the superior and inferior lamina of the carotid canal. In older patients, dehiscence is thought to occur secondary to age-related bone uptake or disease. 9 Our patient's young age and the bilateral nature of the defect in this case point toward congenital deficiency. The patient's history of Dandy-Walker malformation raises the question of that syndrome's relationship to this abnormality. However, we feel that it is unlikely that Dandy-Walker and PHACES syndromes are associated with anomalous internal carotid arteries; they have not been reported to be associated with dehiscent carotid arteries.
The absence of the lateral wall of the carotid canal allows the artery to lateralize and come into close proximity with the tympanic membrane in the anterior-superior quadrant. Even without lateralization, the closeness of the carotid canal wall to the tympanic membrane places the internal carotid in danger. In a recent cadaveric study by Hasebe et al, which examined 142 temporal bones from 92 individuals with no history of otologic disease, 13.3% of carotid canal walls were within 3 mm of the tympanic membrane. 8 This places the artery within definite reach of an average 3-mm myringotomy blade. This distance can be even less in ears with retraction secondary to otitis media with effusion, or poor eustachian tube function.
One of the interesting aspects of our case was the fact that although dehiscence was invariably present during the previous two myringotomies, no complications were seen with those procedures. Our strongest hypothesis for this relies on differences in middle ear fluid levels. During the myringotomies, large amounts of fluid were present in the middle ear cavity, while none was present during the final surgery in which the complication was seen. We feel that the increased fluid level in the ear during the previous surgeries increased the distance between the tympanic membrane and carotid canal wall sufficiently to avoid injury. One of the main objectives of this case report is to increase awareness of the potential complications of myringotomies related to dehiscence of the internal carotid. Surgeons should be aware of possible symptoms that may represent an underlying dehiscence, such as hearing loss, pulsating tinnitus, vertigo, facial paralysis, epistaxis, and perhaps poor eustachian tube function due to vascular blockade. Surgeons should also be aware of potential signs, such as a retrotympanic mass, pulsation of the tympanic membrane, or a red to blue hue of the tympanic membrane. If any of these signs or symptoms are present, CT of the skull or carotid angiography may be warranted before proceeding to the operating room.
